SUMMARY Jaundiced babies undergoing phototherapy often develop diarrhoea. The cause of it is still uncertain. Increasing evidence supports a role of a secretory mechanism for the diarrhoea. We therefore studied the effects of bile from congenitally jaundiced rats undergoing phototherapy and of unconjugated bilirubin on rat small intestine in vivo and in vitro. Results suggest that: (1) the bile from homozygous Gunn rats under phototherapy has an anti-absorptive effect when tested in the perfused jejunum of normal Wistar rats; (2) unconjugated bilirubin has a dose dependent secretory effect on the intestinal transport of water and electrolytes, when tested in the same system. Alteration of cyclic AMP or cyclic GMP, known intracellular mediators of secretion, was not observed. We conclude that free bilirubin is an intestinal secretagogue acting by an as yet unknown mechanism, that may mediate the secretory type of diarrhoea in jaundiced neonates undergoing phototherapy.
Since Cremer utilised phototherapy in the treatment of neonatal jaundice, the presence of watery greenish stools has often been observed in neonates undergoing phototherapy.' The pathogenesis of this complication is, however, unclear. In 1977 Bakken found a temporary lactase deficiency in six jaundiced infants undergoing phototherapy, and attributed this to mucosal damage;2 this has not been confirmed by later studies. ' It is known that hyperbilirubinaemia and phototherapy are necessary for the appearance of diarrhoea, and both are also associated with a decreased intestinal transit time. 6 Hyperbilirubinaemia and phototherapy result, as found in congenitally jaundiced rats under phototherapy, in the excretion with bile, of an increased amount of a photoproduct of bilirubin (Bil).7 Thus, the possibility exists that free bilirubin (found to have an antiabsorptive effect on the intestinal transport of water and electrolytes in the hamster jejunum5), is responsible for diarrhoea.
We have previously provided evidence that diarrhoea in such babies is secretory in nature. 9 Therefore, we wished to explore further the secretory process, by looking at the effects of: (1) the bile from congenitally jaundiced rats in phototherapy and (2) free Bil on the intestinal transport of Na, K, Cl, and water in the perfused rat jejunum.
Methods

ANIMALS
In vivo studies Gunn and Wistar rats were used. Gunn rats are characterised by a hereditary defect of glucuronyl conjugation, present either in homozygous or heterozygous form. The animals (weight 270-350 g) (homozygous and heterozygous) were divided in two groups; those undergoing phototherapy (group I), utilising a circular superblue lamp at a wavelength between 425-475 nm placed at 15 cm from the animal, and those who were not exposed (group II, controls). Surgical cannulation of the bile duct was carried out in all animals; in group I the bile was collected, for one hour before phototherapy and at 1, 2, 3, and longer than 5 h after phototherapy. In the rats not light treated, the bile was collected at corresponding time intervals.
The flow of bile: ml/h mean (SD) was as follows. Wistar rats were used to test the potential intestinal secretory effect of the bile samples collected from Gunn rats as described above.
The experimental procedure for intestinal perfusion was carried out according to that previously described by Sladen and Harries.'°After a 6-12 h fast, adult male Wistar rats weighing 200-300 g were anaesthetised with an intraperitoneal injection of pentobarbitone (6 mg/100 g body weight) while the body temperature was kept at 37°C by a lamp. The abdominal cavity was opened by a midline incision and the small intestine was cannulated below the ligament of Treitz and again 15 cm below the proximal cannula. This segment was rinsed free of intestinal contents, with 0-9% NaCl solution warmed at 37°C. The proximal cannula was connected by a polyvinyl tube with a peristaltic pump (model Vial Medical SE 400) and the jejunal segment was perfused at a rate of 0.2 ml/min with the following solution: glucose, 2 mmol/l; KCl 4 mmol/l; NaHCO3 25 mmol/l; PEG 4000 3 g/l; 14C-PEG 4000 3 ,uCi/100 ml. All solutions were made isotonic by adjustment with NaCl and the pH fixed at 7*4 by gassing with 95% 02 -5% CO2. Eluate was collected in 20 minute aliquots from the distal cannula. An equilibrium period of 30 minutes was allowed, followed by three consecutive 20 minute collection periods for baseline measurements of water and electrolytes net transport. Subsequently, the bile collected as described above from the Gunn rats was diluted 1:15 in the same bicarbonate/saline solution and then perfused. In each animal, a sequence of control and study periods was performed.
At the end of the experiment, the animal was killed and the segment perfused was isolated, dried Figure 1 shows the results obtained in the homozygous animals. No significant change was seen after the addition of the bile collected from control rats in any of the time intervals. On the other hand, the bile of Gunn rats, which was exposed to phototherapy, had no effects if collected before the beginning of light exposure, while it significantly inhibited water and sodium absorption when collected after one, two, and three hours of phototheraphy. Such an effect vanished after more than five hours of light treatment.
The same experiments were done utilising bile collected from the heterozygous animals. Similarly (Fig. 2) , the bile of control rats had no secretory effect on net water and ion transport. The bile collected from the rats under phototherapy, however, showed an antiabsorptive effect that was similar to, but shorter in duration, than that from the homozygous animals.
Thus, the bile excreted by hyperbilirubinemic animals under phototherapy has a secretory effect on the intestine, which is not shown by the bile from animals not exposed to phototherapy.
Effects of unconjugated Bil
As phototherapy increases the content of unconjugated Bil in the bile,7 the possibility exists that unconjugated Bil is responsible for the observed secretory effect. To test this hypothesis, we tested the effect of unconjugated Bil on electrolyte and water net fluxes, using the in vivo perfusion technique. Figure 3 shows the results obtained under basal condition and in the presence of increasing Bil concentrations in the perfusate. It is evident that Bil inhibited, in a dose dependent manner, the absorption of water and electrolytes. The antiabsorptive effect of Bil was already present at a concentration of 0-25 mmol/l, and had its maximum effect at the concentration of 0-5 mmol/l, with a decrease in water absorption of about 75%. Na and Cl absorption rates were similarly depressed. A small but significant secretory change was also seen for net potassium transport. Therefore, unconjugated Bil is an intestinal secretagogue and may contribute, either totally or partially, to the secretory effect previously seen when the bile from hyperbilirubinaemic photoirradiated Gunn rats was tested. [BIL] mmol_ Fig. 3 We had previously shown, in keeping with these more recent observations, a secretory type of diarrhoea in such infants.' We wish to extend these findings by first trying to show a secretory effect for the bile from jaundiced animals undergoing phototherapy and then to define the role of unconjugated Bil, which appears in large amounts in the bile of jaundiced, phototreated babies.
Our results clearly show that the bile from jaundiced, phototreated rats has an antiabsorptive effect. This effect appears to be specific for the bile collected from animals which were both, jaundiced and light-treated, as the bile from either the control rats or the jaundiced rats before the beginning of light exposure had no effect. Our data on the mean concentrations of free bil in the bile from the various groups of rats (see Methods section) are in keeping with the secretory effect of unconjugated Bil, as we observed the highest concentration of free Bil in the bile samples that gave greater water transport inhibition.
We show that free Bil inhibits, in a dose dependent fashion, the absorption of water and electrolytes, although we did not observe the development of net water seretion. It should be noted, however, that our perfusion solutions always included glucose and, as we also showed that Bil has no inhibitory effect on its influx (the first absorptive step), it is likely that glucose stimulated water absorption, is responsible for maintaining a slightly absorptive balance of net water transport. As to the mechanism by which Bil acts as a secretagogue, our data do not allow any conclusion, as Bil was found not to increase the tissue concentration of cyclic AMP or cyclic GMP, known intracellular mediators of secretion.'8 The possibility still exists that Bil exerts its secretory effect by modifying the intracellular activity of calcium, but we did not pursue this.
Finally, although our data provide conclusive evidence that Bil is responsible for the secretory diarrhoea in jaundiced animals undergoing phototherapy (a finding in keeping with the reported evidence of the secretory nature of the diarrhoea in newborns) it is conceivable that other compounds found in the bile -for example, bile acids or other photoproducts of Bil, may also play a role.
